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Table 1. Description of the studied objects
Soil Location Nearest archaeological site Land type in the 
second half of the 20th
century
Modern-day use Vegetation
(2011)
Agrogenesis duration
3
Position of the 
soil in agrogenic
series3
4 5 km W of the village of 
Chernomorskoe
- Virgin land Virgin land Feathergrass1 VL(2500) VL
11 Cape Tarkhankut - Virgin land Virgin land Steppe grasses VL(2500) VL
12 v. Olenevka
0.31 km SW of townsite of 
Karadzha, 4th c. BC 3rd c. AD
Orchard in 19th 20th
cent.
Tree nursery Biota orientalis
VL(~1800)-CPL(~500)-
MPL(below 188)
CPL
15
3.5 km SW of the city of 
Eupatoria
4 km W of Kerkinitis (6th 2nd c. 
BC); traces of land division
Arable field Arable field Fallow
CPL(below 600)-PIL(~1950)-
MPL(150-165)
CPL
16
7 km W of the city of 
Eupatoria
7.5 km W of Kerkinitis; traces of 
land division; 3.5 km of Terekly-
Konrat, 4th 3rd c. BC
Arable field Arable field Winter wheat
CPL(below 600)-PIL(~1950)-
MPL(150-165)
CPL
1 1.5 km E of v. Olenevka
Farmhouses of the 4th 3
rd
c. BC 
within the system of land division
Pasture land Pasture land Grasses/graminoids1
VL(>155)-CPL(below 65)-
PIL(2280)
PIL
2 1.5 km E of v. Olenevka
Farmhouses of 4th 3rd c. BC within 
the system of land division
Pasture land Pasture land Grasses/graminoids
1 VL(>155)-CPL(below 65)-
PIL(2280)
PIL
14 1.5 km E of v. Olenevka
Ancient Greek farmhouses within the 
system of land division
Pasture land Pasture land Grasses/graminoids1
VL(>155)-CPL(below 65)-
PIL(2280)
PIL
3
5.3 km SW of
v. Chernomorskoe
8 km E of Kalos Limen; farmhouses 
of the 4th 3rd c. BC within the 
system of land division
Idle (at least in 1956
1990s)
Pasture land Feathergrass/herbs
1 VL(>155)-CPL(>65)-
PIL(<2280)
PIL
6
4.5 km W of
v. Krasnaya Polyana
Unknown Arable field Arable field Winter wheat VL(>2300)-MPL(150-165) MPL
7
5.5 km S of v. Krasnaya 
Polyana
Unknown Arable field Arable field Vetch VL(>2300)-MPL(150-165) MPL
9
4.5 km SW of
v. ino
Unknown Arable field Arable field Winter wheat VL(>2300)-MPL(150-165) MPL
5
11.3 km NE of
v. Chernomorskoe
1.4 km W of v. Mezhvodnoe, 4th
2nd c. BC.
Arable field (1956), 
plantage tillage
(1967); idle since 1970 
Airfield Feathergrass/herbs
1
VL(>100)-CPL(below 400)-
PIL(~2000)-MPL(~26)-
MIL(10)-MPL(1)-MIL(43)
MIL (?)
8
5 km N of v. Krasnaya 
Polyana
Unknown
Arable field (1956);
idle since 1988. 
Idle land after 
tillage
Weeds
VL(>2300)-MPL(~130-140)-
MIL(23)
MIL
10 5 km SW of v. ino Dzhan-Baba, 4th c. BC 1st c. AD
Arable field (1956);
idle since 1990s
Idle land after 
tillage
Steppe grasses
2 VL(>2300)-MPL(130-145)-
MIL(20)
MIL
13 v. Olenevka
2.2 km W of the townsite of 
Karadzha, area of necropolis
Orchard in 19th cent.; 
idle since the early 
20th cent.
Idle land after 
orchard 
plantation
Steppe grasses
1,2 VL(>2300)-MPL(below 70)-
MIL(90)
MIL
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Sample No.
Depth
( )
Munsell
colour 
(dry)
Bulk
density
(g cm-3)
Real density
(g cm-3)
Total
Porosity (%)
Indicator of structural 
properties (Kstr, %)
Sum of particles (mm)
< 0,01 <0,001
Virgin land (VL)
4 0-24 10 YR 6/2 1,05 2,47 57,49 32,00 20,60 7,88
11-1 0-24 10 YR 7/3 1,11 2,48 55,24 22,00 22,44 8,36
11-2 24-32 10 YR 6/6 - 2,35 20,00 25,70 9,90
11-3 32-34 10 YR 7/6 2,58 - 16,58 7,27
Continually ploughed land (CPL)
12 0-22 2,5 YR 5/4 - 2,66 38,00 35,58 15,58
15-1 0-17 10 YR 5/3 1,03 2,32 55,60 51,00 38,27 14,35
15-2 17-27 10 YR 5/3 1,11 2,30 51,74 89,00 47,67 24,78
15-3 27-54 10 YR 5/3 - - - - -
16-1 0-10 10 YR 5/3 1,14 2,31 50,65 74,00 54,18 25,41
16-2 10-23 10 YR 4/3,5 1,33 2,38 44,12 148,00 47,46 29,82
16-3 23-35 10 YR 4,5/3 - - -
Post-antique idle land (PIL)
1-1 0-17 10 YR 5/4 1,15 2,35 51,06 26,00 30,78 14,56
1-2 17-21 10 YR 5/3 1,15 2,43 52,67 19,00 44,54 11,76
1-3 21-33 10 YR 5/3 1,30 - - - -
3-1 0-17 10 YR 5/3 1,09 2,34 53,42 37,00 33,58 16,07
3-2 17-34 10 YR 5/3 1,23 2,49 50,60 54,00 33,57 23,09
14-1 0-15 10 YR 5/3 1,04 2,25 53,78 49,00 41,20 15,45
14-2 15-27 10 YR 5/3 1,02 2,27 55,07 36,00 43,88 17,10
Modern-day ploughed land (MPL)
6-1 0-12 10 YR 4/2 0,89 2,44 63,52 34,00 58,59 24,36
6-2 12-20 10 YR 4/2 1,26 2,41 47,72 65,00 55,12 36,89
7-1 0-17 10 YR 4/2 0,96 2,54 62,20 140,00 48,93 38,22
7-2 17-26 10 YR 3/3 1,10 2,66 58,65 104,00 52,50 32,13
9-1 0-14 10 YR 6/3,5 0,88 2,49 64,66 80,00 24,44 14,14
9-2 14-21 10 YR 5/3 1,18 2,62 54,96 95,00 45,91 24,48
Idle land in the modern era (MIL)
5-1 0-22 10 YR 5/3 1,12 2,49 55,02 33,00 38,06 19,97
5-2 22-46 10 YR 5/3 1,28 2,56 50,00 34,00 38,43 20,79
8-1 0-9 10 YR 3/3 0,93 2,69 65,43 29,00 37,37 14,95
8-2 9-22 10 YR 4/2 1,19 2,75 56,73 57,00 32,12 15,35
10-1 0-13 10 YR 5/4 1,01 2,55 60,39 54,00 37,57 16,36
10-2 13-24 10 YR 5/5 1,24 2,64 53,03 53,00 42,84 22,64
13-1 0-17 7,5 YR 5/4 1,13 2,22 49,10 31,00 26,52 13,87
13-2 17-31 10 YR 4/5 - 2,24 42,00 30,19 14,28
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No. H2O 3, %
Exchange bases, mmol (equiv.)/100 2 5 2 tot, % ha ha fa N bulk,% C:N Clabile
++ Mg++ Na+ mg/kg ( method)
Virgin land (VL)
4 8.1 63.3 7.2 1.4 0.5 17.4 539.6 2.08 26.6 1.1 0.225 5.1 9.3
11-1 8.3 59.5 10.2 2.2 0.8 11.7 458.4 1.94 11.3 0.6 0.213 9.4 5.6
11-2 8.6 60.9 5.9 2.0 2.0 6.2 615.6 1.39 9.1 0.6 0.218 7.8 5.5
Continually ploughed land (CPL)
12 8.2 27.9 13.3 3.9 1.0 69.9 349.4 1.36 15.6 1.7 0.233 7.0 5.0
15-1 8.1 24.5 17.4 2.9 0.1 110.3 463.1 1.33 22.7 2.1 0.195 5.7 5.8
15-2 8.2 24.8 12.7 3.4 0.3 14.9 283.3 0.96 22.3 1.2 0.183 3.7 3.4
15-3 8.6 25.7 11.0 2.2 1.5 4.9 209.6 0.91 12.7 0.8 0.175 6.0 3.3
16-1 8.2 17.4 22.1 2.0 0.4 79.8 412.9 1.48 64.3 2.0 0.220 2.4 10.8
16-2 8.2 10.4 23.1 3.6 0.3 10.9 291.6 1.33 28.5 0.9 0.263 3.7 4.7
16-3 8.2 8.1 22.4 3.4 0.5 5.1 216.6 1.25 47.0 2.5 0.245 3.1 6.9
Post-antique idle land (PIL)
1-1 8.1 22.6 16.9 1.5 0.5 69.9 233.9 1.80 34.5 4.6 0.268 4.7 4.9
1-2 8.2 14.9 15.8 1.5 0.5 110.3 353.8 1.65 16.8 0.9 0.240 6.0 2.5
1-3 8.2 28.1 15.4 1.4 0.5 14.9 511.7 1.39 85.2 3.4 0.230 1.6 18.4
3-1 8.2 29.1 18.7 2.3 0.3 4.9 424.2 2.22 20.1 1.0 0.225 6.8 7.6
3-2 8.2 39.8 11.5 2.0 0.3 79.8 215.8 1.44 10.2 0.9 0.163 12.5 2.4
14-1 8.1 19.2 13.6 1.6 0.4 10.9 368.9 1.97 25.3 1.9 0.260 5.3 5.8
14-2 8.2 24.5 11.1 1.1 0.3 5.1 199.0 1.53 15.7 0.8 0.198 5.6 4.5
Modern-day ploughed land (MPL)
6-1 7.5 1.8 19.8 2.4 0.5 78.4 (173.6)* 425.7 (298.5)* 1.80 25.6 3.2 0.138 14.5 5.8
6-2 7.8 1.1 14.5 2.7 0.1 20.5 (136.3)* 311.9 (146.8)* 1.58 25.5 1.0 0.195 5.1 5.9
7-1 8.2 3.7 16.1 1.3 0.4 48.5 420.8 1.70 25.6 1.1 0.198 8.7 4.5
7-2 7.8 7.6 22.1 2.6 0.6 8.4 222.3 1.50 24.5 3.6 0.233 7.5 2.5
9-1 8.0 21.4 14.7 1.4 0.1 80.9 459.4 1.50 18.7 1.3 0.208 7.6 4.9
9-2 8.2 23.3 14.6 1.7 0.1 16.2 248.3 1.15 15.8 1.4 0.215 6.2 3.1
Idle land in the modern era (MIL)
5-1 8.2 23.5 16.2 2.0 0.7 9.1 194.6 1.46 21.7 1.9 0.228 6.1 3.0
5-2 8.4 17.3 17.3 3.3 0.8 5.8 215.5 1.46 20.8 1.2 0.153 9.3 4.7
8-1 8.0 23.5 16.2 1.7 0.1 22.0 338.1 2.56 17.8 1.0 0.230 7.8 4.1
8-2 8.1 24.1 23.5 1.2 0.1 7.7 217.8 2.35 29.6 1.6 0.213 7.6 5.6
10-1 8.1 26.5 13.8 1.5 0.5 16.1 393.7 1.60 19.0 2.5 0.235 7.0 3.2
10-2 8.2 28.3 18.5 1.5 0.5 8.6 127.3 1.27 72.3 0.8 0.230 1.5 11.7
13-1 8.2 37.2 12.3 1.6 0.3 12.6 298.5 1.84 16.1 0.8 0.240 6.0 6.4
13-2 8.3 39.9 10.6 1.1 0.5 8.6 176.3 1.46 9.5 0.5 0.173 7.9 4.5
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Chemical components and 
geochemical indicators Units
VL CPL PIL MPL MIL Average
4 11 12 15 16 1 2 3 14 6 7 9 5 8 10 13
SiO2 %
15.7
1
15.4
2
42.4
9
38.7
7
48.4
0
44.5
8
46.2
0
34.1
8
41.7
9
57.6
3
53.6
1
43.4
9
43.7
4
41.9
8
40.9
2
28.2
7 39.82
Al2O3 % 6.21 8.09
10.0
4 9.13
11.0
0
10.8
7
11.0
0 9.15 9.92
10.9
5
11.3
5
10.0
1 8.95
10.4
4 9.72 8.70 9.72
Fe2O3 % 1.49 1.79 2.53 3.16 3.15 2.72 2.88 2.36 2.77 3.35 3.30 2.80 2.51 2.73 2.68 2.48 2.67
CaO %
35.9
2
33.6
4
16.0
1
14.2
4
10.3
8
13.6
5
10.5
7
19.9
5
13.0
6 1.27 3.76
12.3
7
11.1
8
14.3
8
14.8
2
22.9
4 15.51
MgO % 3.87 3.57 2.15 2.15 1.98 2.04 1.51 2.39 1.93 1.09 1.45 2.04 1.89 1.99 2.11 2.44 2.16
Na2O % 3.15 3.05 1.85 1.88 1.55 1.60 1.09 2.01 1.58 0.90 1.01 1.62 1.63 1.73 1.81 2.26 1.80
K2O % 1.35 1.44 1.59 1.41 1.68 1.72 1.81 1.44 1.57 1.96 1.69 1.55 1.66 1.49 1.54 1.34 1.58
TiO2 % 0.35 0.37 0.60 0.70 0.80 0.65 0.68 0.52 0.67 0.90 0.86 0.63 0.75 0.65 0.59 0.51 0.64
P2O5 % 0.27 0.24 0.17 0.14 0.14 0.16 0.16 0.16 0.15 0.12 0.13 0.15 0.15 0.18 0.14 0.18 0.17
MnO % 0.06 0.07 0.09 0.14 0.13 0.09 0.10 0.07 0.09 0.11 0.11 0.09 0.18 0.10 0.09 0.09 0.10
Sr mg/kg
348.
78
214.
89
256.
18
262.
27
169.
56
217.
81
169.
40
158.
31
210.
01
124.
55
120.
88
174.
51
168.
82
154.
97
178.
68
247.
02 198.54
V mg/kg
38.9
2
46.5
0
65.6
4
71.9
6
79.3
0
64.7
9
55.1
4
63.0
6
70.6
4
83.4
3
87.2
5
80.8
7
75.4
8
73.0
0
70.1
9
65.4
1 68.22
Cr mg/kg
65.9
0
70.4
6
81.4
5
95.2
4
92.4
4
82.4
2
82.5
3
76.7
1
86.3
1
105.
57
94.1
5
84.2
7
80.3
9
84.1
5
80.3
4
78.2
5 83.79
Zn mg/kg
61.2
0
65.1
5
71.3
9
104.
8
81.9
0
72.6
4
88.4
6
67.9
2
71.0
7
75.1
1
74.7
4
70.9
9
66.3
4
68.5
3
70.7
6
67.5
6 73.66
Ni mg/kg
25.1
2
30.5
7
40.3
4
58.2
9
52.6
9
45.0
1
46.4
3
41.1
8
44.2
9
52.5
0
51.2
9
45.3
7
42.0
3
44.3
2
44.0
6
39.1
3 43.91
Cu mg/kg 6.71
20.0
3
29.5
3
46.2
0
45.1
1
37.0
1
38.0
2
32.9
3
37.9
4
54.8
0
51.9
1
39.6
0
33.0
5
41.5
3
37.1
1
30.0
8 36.35
Pb mg/kg
14.4
6
12.6
2
16.8
4
21.8
7
19.1
9
15.6
6
20.6
9
13.7
1
17.4
6
19.4
0
25.8
4
16.7
7
23.9
3
21.3
6
15.5
3
20.8
7 18.51
As mg/kg 4.34 5.91 7.62 8.93 8.64 8.05 7.42 7.99 7.90 8.53 8.15 7.81 8.75 7.99 8.57 7.34 7.75
Co mg/kg 2.04 2.83
10.8
5
14.4
6
17.6
6
11.8
6
17.1
1 8.59
11.9
2
17.0
6
17.4
0
10.4
4
11.8
8
11.1
2
11.1
8 9.82 11.64
Si/(Al+Fe) 1.59 1.22 2.61 2.36 2.61 2.54 2.57 2.29 2.52 3.05 2.79 2.60 2.92 2.45 2.53 1.93 2.41
(K2O+Na2O)/Al2O3 0.72 0.56 0.34 0.36 0.29 0.31 0.26 0.38 0.32 0.26 0.24 0.32 0.37 0.31 0.34 0.41 0.36
(CaO+MgO)/Al2O3 6.41 4.60 1.81 1.80 1.12 1.44 1.10 2.44 1.51 0.22 0.46 1.44 1.46 1.57 1.74 2.92 2.00
e 0.35 0.37 1.96 1.96 3.08 2.34 3.06 1.32 2.29
10.8
0 6.70 2.46 2.64 2.14 2.02 0.97 2.78
Rn*
1.38
6
1.34
9
1.27
5
1.30
8
1.27
4
1.30
7
1.29
6
1.37
8
1.28
0
1.30
4
1.30
3
1.27
7
1.39
5
1.36
8
1.27
3
1.37
9 1.322
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